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(54) OPTICAL AMPLIFIER FOR WAVELENGTH MULTIPLEXING 

(57)Abstract: 

PURPOSE: To provide an optical amplifier for wavelength 
multiplexing which is composed of two stages to 
eliminate the dependency of a gain on wavelengths. 
CONSTITUTION: An optical amplifier section 1 of a fore 
stage is provided with an AGC circuit 63 which executes 
feedback to an exciting light source 91 so as to attain 
the specified ratio of input and output light levels, © 
thereby making the gain wavelength characteristic of the § * 
optical amplifier section 1 of the fore stage non- § 
dependent upon input power. An optical amplifier section 
of a post stage is provided with an AGC circuit 62 which 
executes feedback to an exciting light source 92 so as 
to attain the specified ratio of input and output light 
levels, thereby making the gain wavelength characteristic 
of the optical amplifier section 2 of the post stage non- ^ 
dependent upon input power. In addition, this circuit || 
imparts the gain wavelength characteristic to make the Sf 
gain wavelength characteristic over the entire part * 
uniform by compensating the wavelength characteristic 
of the gain of the optical amplifier section 1 of fore stage to the optical amplifier section 2 of 
the post stage. Further, the optical amplifier is provided with an ALC circuit 14 which controls 
the attenuation rate of a variable optical attenuator 1 1 disposed between the stages according 
to the output level of the optical amplifier section 2 of the post stage, thereby maintaining the 
specified light output power of the optical amplifier section 2 of the post stage. 
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JlS^^Ufctro-efc*. H2l=fc^-C. (a) ItltS 

mn$L&&®.. (c) i*siis©3feiiitiaJi:^sfl)3fei§»s 

feot> A (nm) lijfeOfcg. G ( d B) lt*mX'&> 

-So §IJ601(2) <Di§£(0tfij£l*. 01 Kir* £41. trot 

[0 0 4 0] fS±SK-^7T-r/<tLT. T;U57" 
(AI2 03) ^aSKgSttLfcliUf^A (Er) 
K-^7-f/^fflUiiCil:J:oT. 1550nmtt 

[0 04 1] tfl&0>T)l>S.-}-&mBL%,)B<r>B r K— ^7 
Lt. 1 5 5 0 n mttS0>JMMM*l=£^TI±. ■« 

jW»tNt'#tt. ®SftfiffiI©fiJ»ii«S<«aSflirofiJ«A< 
CIV*. B&*tfBl*fc*li.- &*SftaH*d<X< )■ 

5^tl:<t^T« 02 (a) l-^-f .fc-SKg&gffltfflJ 

ft«*BiM*ttJ:-*-«. BRajumiB-ci*, mn 



T. (b) l=*-r«fc5l=«2**fflro«*#*<£<fci>J:5 

c-r*. 

[0 0 4 2] CC73(l%a)^tt|- e toT, ItrRflJjfeiiigfiP 

LTI*. (c) l=*6#i*J:5l=. WW-ttX'CS h 
JUWbbt»6tL«J:9l=ft«&&4il=. flUR<7?3feli*SSP 

«B»*ftB«*fc-r*=fci=*oT» jftfia**iPi± 

[0 0 4 3] ^|lglc*ii^§g£mi£LT»**ifc2iit0« 
<t LT, 4iS (1 548nm, 1551nm. 1554 
nm, 1 5 5 7 nm) Jtlgro^^. 3tA*U'<;U-2 5 

d Bm 1 5 d BmlZfcU-C. BiracDjfeigilgSPI*. § 

^BiB*/*? — 1 6 0mW (9 8 0nm) l=fctvt\ =PJ 
i$2 0dB, W»^Uh*1. 5 d B <h U 
*B»tt. »*BiB3t/<9— 1 O O mW ( 1 4 8 0 n 
m) l=fcl*T\ «-?^*;U=fclt-5tU**+7 d Bmi 
Lfclg^. »&!f&iL-C, M*5. 6dB, &**Jf# 
f ;l/ h 0. 2 d BftW&*lfe. 

[0 0 4 4] B 3 1*. *&Ba>£lEff(3) ^Lfct© 

1 5i*jeg4t1±ffi(am3t7<;u^T*fe-3T. ffeSroftig 

«»2<DAA«I=» A-**fCl**. *fc@4l*. #«£E 
4l=£lvC. (a) liM&WjfcigilgaJtOfiJitj&gftte. 

(b) Hffi»a5^M*££JMt&tt«B*7-r** 1 

^iKStttt. (d) l*^*©«#2Jfi4*tt-efc4. 
[0 0 4 5] H3©«fiEl=j3U-C. tfTRflHtelf ffl» 1 -C 
I*. *»tt*^5 3i t*h*<<*— K41 ifr&fc* 
HS^ATJ^-^SPi:. m^i&ijy^32 ±*\~*4* 
-K42 <!:A^^.^S:-SfIa3tal* ; E-^'SPT•«aJ**^S3fe 
U^;K351fr'5:t5*.3tf<mS. AGCHK61 

[0 0 4 6] aS©*affi»2lcfc^-CtH«l=. 
18*^733 i:*^^^'-r^--K43i:A^?>^^:-SSa3tA 
*=E-^ffl5<!:. 3t»tt*^734 fc*hy-f*— K4* 

JtfSE*5**fJ»*. AGCIHIK62 fl)iai:<toT- 

[0 0 4 7] CniCfcoT. 8(lSfl)itJg^fiP 1 «t&S© 
3fe«J«ffl2©#iJS2ifi1#ft*3teA*lzStLT*ii«. fe 

ftmmnf? < )\>z 1 5i-«fco-c\ waroafeiS'iBa? 1 i-fc 

lt-5f)f#36g4t14«*e>l-ai4gl=L. ^S0>3tlS*iS?2 
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LC08S1 4l= t fcoT, ^h^V^-Kl 3frt>U&&. 

[0 0 4 9] «oT, HK©3tli»Sgp-Cli. 04 (a) 

3E^#1±ffi(Sffljfe7<;U^$jiLT (b) <D 

(c) <OJ:5l^jKS<ilA<fii4ffil=^L^tt^fc1±'l.<fc 
3l=tt»6*l::L-C. £fcl::&a©3felg*§aiCDlbjgai)i£ 
&ft±Zltr. *e>fc.&&ai7J{b. i£>8gm*Kt£0.& 

[0050] z*ie><n&mz£'3X. Di&aftmtg&t 

Tli. (d) icS&ti-Sckolc. fim^-Jtt^.^^ h;u 

1 5i±^#l±1ilIffl3t7^;ua'-C'feor, &a<z>5fcia 
fleas 2©ai*fiiii=}f *fcH6«\ *#sib 

(b) it&.moittigtsmmiBL&ft'tt. (c) ti^a© 

argtttt. (d) i±^t*<oipj»ifis^ttT?s&«.«, 
[0052] Hsroimatizfc^-c* tH&oltmQS® 1 t? 
I±. fttf-i&a 3 1 K41 

-K42 ifr&**tt«#B.;*J ! e=*»-e*ffl**i** 

u^;uroifc-rfc:h>*>ifefi]*#£. agcei&6i cofowrc 

[0 0 5 3] «S©3tlS«SP2l=j3lNrt,ra*l=. 
[0O5 4] ^ttl-«fcoT. «lJS<t>jfelilggP 1 <t&s© 

«««« 2 <t>«*&fttttt«« a* i=» l r mmmiz-r 

«. (tot. 1Mt0%iMB*l fettfltafttttttf 2 0H 



[0 0 5 5] ia6l-5fv-Tck5lC % ItfftaftflMI 

(a) 0J:3l=*akMifl<MWAiMttt£tt 
(b) 0* 3l=*SM#aW=«*ft<ffl.Mttt€ttfe 

£bs. 

[0 0 5 6] ^<DB#£T?li. (c) <7>«fc-5ICffiM. gj£ 

ri*s (d) I=a&*t*«fc5l=. was— ft*."** 

[0 0 5 7] @5l=St$tlfcjRg!tftt««ffl*7 

[0 0 5 8] *S6E©liifc0!l(5) tit. MHO) 1= 

fc-SAv *fefiBK0%«MB«tffl&Be-Cfc«;:J:4t 
[0 0 5 9] B7I*. *&isa>fgj£e!i(5) 

•«5WttSLfc*fl>-e*oT. (a) tt^jftS^Bfi 
#ISa>«JS£SU (b) tt«S»«>aiMttt«n«LT 
0*, 2 1l*^ft8*5«U 2 2[*B&#3gT?ft 
■5c ftttBaaattttizfti*?. A p liBSftattft. 

Kevin**. n«gi*jg«. m®\z&mtsh&ni£$ 

[0 0 6 0] 07 (a) l=jM"**»2 1 ^WLO% 

igl^SStLt. SK*Asi~Asnfl>«#*tt«l=a3 
L^Ts 07 (b) ICfclvCA"C5M-»#<D«fc-5l=l=. » 

4 ( C ) l=fel+4J:5l=, ^R<D3felitSgP©l!iesai^$ 
iS|±*1*--5Ci:A<r*fr-i)o 
[006 1] *36B^O)S6Jfe«li(6) <t LT, «ttfl(4) 1= 
S**ifca«WflMffl*7^^t. &»*75iL 

l. c<DJi#. < <t t»aa>3t«*i»A<»73ajBT? 
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[0062] 17 (a) lZ7K-f£i£Sg2 1 £ s 

mi&®<D'iki5®mm-£Ximt lt. jkgAsi~Asn<&ffl 

<WMIH*l=J3l*T. Ml (b) !=*-*-£ 9 1=. 

-avziztsifz. n»sftf*tt^n«i 
ffl#ffif#fct^ci:At-e#, z4xizct-3r, me 
(b) lztelt-5cfcol=. &JSO>5fcli4@8Pa>!)&8!)S£|n] 

[0 0 6 3] JEcfc, ^Jte9(3) ~(6) l-O^TI*. C*l 

[0064] m&\t. *&w<Dmmma) ^Lfctro 

1 OliAPC (Automatic Power Control ) mK"Cfc 

[0 0 6 5] @8<D*fj£fca3t^T\ S5St03feli*SSe 1 X' 
I*. *5Ht*:?5 3i k*V*4it— K41 

-K42 tA^?3:-5MR3feaj* ; E-'S»«a5-e«ldi*ti-S3t 
lx^KDifi-ft*3T53feflJ»*, AG CBS 61 (7M&HSPI:: 
«kor-Sl=«-PJ:5l-. ESfi3fc3S9l t»3«^lt 

[0 0 6 6] &aa>3lciii|SS|5 2l=fc^-CI*. APCE1S& 
1 OlzJ:or. Kljg5fc3l9 2 l=»S£AM+T. S>gJte3S 
92 ©jae3feda*A<-Slc5:-I.J:-5l-«iJ^^ff=S:-3TU 
•5. *IKa>&itW«2l::&l*-Cli. 3fcAtiJ*l&ttA<. pI 
§£3fc3!&gS§1 1 l3<toTI5fS-^l=«fc*v-50)-C. 

mmt&mixi^z. 

[0 0 6 7] CflJS^. fflSCDjfeJiilgaJ 1 i^SOjfett 
i®SP2<D|iJ#*gi|tttl*> ffl*^:btr£;rvfc<fc£. 

SO* jtliidai 1 «!:^Sa)3!6JiiliSP2i:<DHI=iES*4xfc 
[0 0 6 8] 0 9l±, **Bj!<Dg|J£0J(8) $*LfctO 
(D^ll*Hi^lZ}fA*^^T^^•5.^A<M'^£•^Tt^■5o 

[0 0 6 9] @9A)Mi:feuT, freoatit^as 1 t? 

I*. 3bM$.ljy=?Z-[ tfchV-l*- K4i £*bfc-& 

U>*jU©tt-rfc*>43fc¥iJ»*. AGCEK61 ©HfflC 

[0 0 7 0] ^S©3tli®SU2lc*;UT*,l^«lc. 3fc# 
ft*-* SPt. 3t^HS*^34 t*\-¥4*— K44 



Jt-ffc:t>*>5fefW£. AGCI11S62 (BSW-cfc oT- 
[007 1] CttlCfcoT. SiJS<D3tli^giJ 1 b&&<Z> 

i>btg<ig&z<Dmm$im®&&* ntxftstv-tztiLxm 
btv-S * 5 ices s tlX i^z . 

[0 0 7 2] ^S©*lflSe?2<D^I=lES* 
*tfcW^3t^SI1 1<7)M*a$. ALCE1S1 4I-J; 
oT. 3fc#H6*^1 2 t s 7hr-^-<^— Kl 3kfrt> 

[0073] c(73i§^. m&oftmm&i k&mtoum 

[0 0 7 4] JilTlw7M-flt60I(9) ~(11)li. 

[0 0 7 5] 131 OI±. #S£fBOTHS£0l(9) S*Lf=t 

L. 2 oi, 2 02 li^isi* h^-f^— K (p d) -efc 

[0 0 7 6] @1 OCDl8fi£lZfc^T. t«r®0>3feli*iS? 1 

■cii. frS©SS±SK— ^7r-</^7a)fi!i®ANp,ai^^ 
SSSJStHijfe (Amplified Spontaneous Emission :AS 
E) $tl^lS]7|vhy-f^-— K2 01 -C&fiBU AGClHl 

K6i izjfSLr, aejfeai9i o>m&/tr>-$®ML 

fl>3felgil>iSP 1 0>#m&- , M\z&-z> AG C$iW*<fi*^*v 

-So 

[0 0 7 7] &&ro#l#i|ga5 2l::fc^T*p]*ll::.. 
(DIS±S K-7"77-f^8 OHUSA* & S «SSctb3fe 
£lll:S|S]*h$r-l'*— K2 02 r^abL. AGCEIK6 
2 I^SUT. Be3fe3S92 »Ifi/^-SilLt v 

igilSSP 2 ©f"J^$-Slc«o A G C fMMffittfeKS. 

[0078] ^*vicj:o-c. frs<7>3tigi(@gp i t^aro 

*l@iBg|5 2 0fi]#SES#tt^. 3feA^U^;Hc*JLT» 
tS^lc-f.SCtA^^*. *fcl5SW3tl§il@® 1 t^S 
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l*R©%4Mlff 1 t ttaa>£4Mfl! 2 ©HicEB**.*: 

[0 0 7 9] IH1 1 14. **K©HJ6^(10)^*Lfct 

L. 1 6|, 1 62 It1 530/1 550WDM*^7t 
fcoT. 1 530nmSl03t (gSSSUJ*) i. 155 
OnmBfl)* kZ#m-t%o 1 71, 1 72 tt 

sausajft (ase) ^aj-rsASE^mffl/i-Nhy-f 

*-K (PD) ffc?.. 

[0 0 8 0] Hi i ©Kljfcicfcivc. ffN£©3feigi|@an 
•CI4. StlSa)S±SK-^7r-l'/<7rt^X*ifi«^fS]l- 

ift^ASE (1 5 3 Onm) £. 1 5 3 0/1 
5 5 0WDM*^7 16] "C^iBlt-C. ASE^m 
h^-f^--Kl7l -CfcHiL. AGC0S61 IZfltSL 

[008 1] ^R©3tigilSSP2l-fcL>rt,^l1fl^ &fS 

© m±m k— ^ ^ r -f / * 8 $ a * ^ n (=earr * 

ASE (1 530nm) £. 1530/1550WDM 

1 72 taaL. AGcniiS62 i=»au-c. &&ntm 

ICfirtAGCfflWtffrttfr*!.*. 

[0 0 8 2] C*ll=<t-oT, ItJSaftlMIff 1 <b&&© 
ft««IB2©*l*gStttt£. *A*U^H=»L-C* 

«1rS<7)7felii|®SiJ 1 i: &fS©3feig*ISS 2 ©IB ICSES * *vfc 
WKftXSBl 1tioT. *Bl*l^<;b*«-*l=«fc 

[0083] hi 214. *&ma&temw) zaiLteb 
rotftot. hi i-fen-st^ci©^^-^-^ 

L. 53, 54 I4<t^5fe- Bjejfe$Hft*?7. 1 81, 1 8 

2 l«l«Bfift«aiffl*h4' , «<'*— K (PD) "Cft*. 
[ 0 0 8 4 ] H 1 2 ©ItfifclC fcl%T . fJS©3ti§*SSiJ 1 
-CI*. BJB*X9i 4^HS0!)8±aK-77T^/O 
rt^GSS-r^HigTt^. M±BK— ?7r<r/<7dMM 

T. »«Bfi*»lHIB*l**<<:*— K1 8 1 -<•*«> U* 
JU£fc!lJL. Z^^AGC|51K61 IZjfgLT. B^Tfe 
3S91 (DBia/^-SaWUt. jaBBS*©!^^ 
-Si:«-3 = tCJ:ot. WrS©*«S«fiP 1 
jeicfcoAGCfWWtffr&fctfi-S. 

[0 0 8 5] ^S©3tlillSfiP2ICfcUr : fel^«IC. 
©*S±SK— ^r^AS -SBSJfcS. »±- 



H K— ?7 7*/<8©{6«l=e«.**tfc«** • Big* 
»**^5 54 U»«Lt, SBBiBTteaiffl^h^ 
Kl 82 U A GCHS& 

62 llfiiSLt. Bjg3t3S92 ©Bfi/^— *tt»L 
T. ^gBS3fe©U^;Ui&-Sl-«OCi:lc«fco-C. & 
K©5fciii]Sffl5 2 ©*Jf#£-5£|::&-0 A G CfcWtffrfefr 

[oo8 6] c*ii=«k-3t\ itrRa&miflu £&&© 

*4m«2©*MBJttttt£. JtAil/^tSLti 
= t *fc«US©7tl8ffiffl5 1 fc&S 
©ft4Mf«2©?i|ft£ftttf£l4« «B*6*rfr&tifeJ: 

fis©7tiiiesp 1 ^^s©7tiiifssP2©rairffig*Hfc 

[0 0 8 7] HI 314. *«IS©SISS«(12)£;FLfc* 

©•cfc-or. iicteitstuctro^ctt^L 

T^*. fct£L. 3t»tt*^9 1 2A<. fJS©7feltefiP 
l©B£l=BBd4ifeTO%ttSSl 1 ^S©7tlg 

[0 0 8 8] H1 3©«j3tl=JSl\-C\ ltS©3feli^SP1 
■CI*. 3fe»tt*^53l tThhy-f^-— K41 ifr&fc 

*U^©Jfi-ft*3**«»*. AGCHK61 ©«|» 

iz,fcoT-sic«o«fc5i=. Bie7tai9i i=»s^am+ 

[0 0 8 9] «S©*«SfifiP2l=fcUTtra«l=. ft» 

3t»iS*^^34 b*V#<<*— K44 
£fr&fcSBK5teffla^-*»-C«ajS:h*&U'<;u© 
tt"f fc*7*>5fefiJ*f £. AGCHK62 ©BBlCfcoT- 
SI=BoJ:3l=. Be3fe®9 2 I=B9**It<&. 
[0 0 9 0] ntU-cfcot. 1 ^ttlRO 

«4MI» 2 ©fl*8JM*tt€%A4)l=*t LTBHttl::-*- 
-5. *fc. Itfflta&JMMffl £BR©*4MIB2aHft 

[009 1] <fcC.I=. ftfS©3felii|Sfi? 1 t^®©7tJg$S 

SB2©Hi=EB**i.fcRr*3ta«»i i©s<aig*. a 

LCHK1 4l=«t-oT. 3t^te*^7l 2i:*S*^7 
1 SA^fc-SKRSiifeATI^— ^gp-CgStil^^LfcStU^U 
icjCCTWr-SCitctoT. ^S©3tiiil@aJ2©5t 
A*U^U6<-56l=«t=*l*. SfoT. «flm=. 

[0092] <cte. 3Ufi«(l2)©a^l=feu^. BT^it 
ItSl 1©MSM*. 3fe»tt*^^1 2©5i-tt3felcS 
•^L\T«Wr*ft*)yi=. ^e©3feli1gfiP2©A73fl!l© 
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[0 0 9 3] HI 4tt. *«B^(7)lliSC!l(13)$^Lfct 

U 1 41, 1 42 l*ALCiHlS-C-fc<5 0 
[0 0 9 4] H1 4(D«f£lcfclNT. |1IR(D3feii«ffl 1 
■eiis ^ 3 1 .t7t> h^-r^-— K4i <hfrbfc 

ftis^jwttirtiittftmmt. ag ens 61 <Dum 

So 

[0 0 9 5] ^R(D3feig«gSP2lzfcUNTIi. $b1*t$L±? 
7 34 fc*K4f-f*— K44 ^^^^^^S^ai^^E- 
^^-CeitU^tl^3tU^U$ ALCIS3S1 42 I^S-T 

[0 0 9 6] Sfcl^ !5®(D3feigi|iia51 

l cms 1 41 i-£^t. jtft&xy^i zt^^^z^ 

[0 0 9 7] (Jot, ^S0>*it*SSP2CD*A^U^U 
ff-ftT?**fc*>. &Sa>fti8ffi»2<7)illffli. Hit 

±. AGCMHi**tfct»a)i:*ffli-cfty. wraa>*«tt 
ff i ia«a)*aMi«20)«».aMM»ttl*. a***rtt- 

■C. ffHSO>3fc4Mlff 1 £&&a>5fcif*lgp 2 L 

[0 0 9 8] 

[0®a>f8*fcttB] 

[Hi] *sgwa>»fe«(i) s^titfc^o 

[H2] *«^co^js«5(2) icjsit«iMM«*»rH 

[0 3] *SSKO)3lJS0!l(3) tS-TH-Cfcft. 

[04] **BJ(B3IJ605(3) l=filt*»«K«*w-rH 

[0 5] *«BJCD^!6^(4) £**H-C*«. 



[0 6] *««a>*tt0i(4) izj3it«nf»ra«»^H 

[0 7] *«mcD9EIKfl(5) izfeit 

1-0"efc*o 

[0 8] *§&BM<»m&ma) ^titfc^o 

[0 9] *^B^(7>g|f6^(8) **tB"Cft*. 

[01 o] *&wo>mmm(9) s^tirfe^o 
[011] *m*x<Dm&mw) : £7Ki-mv&z>o 
[hi 2] **ffla>^j£«(ii)s^-r0-r&*o 
[013] ttnonismu® 

[01 4] **^<D*l6«(13)*^-r0T?ib«o 

[ff*a>WM 

.i ftm$%& 
2 

31 *5H**:79 

3 2 3t^US*^7 

3 3 %ft®L*?=? 

3 4 5fe#«*:?7 

41 /fc h^-f Jr — K (PD) 

42 K (PD) 

43 *h4f-f*— K (PD) 

44 * h***— K (PD) 

5 3 • IHBftJttK*) ^7 

5 4 «** ■ Bfi»»«*^ 

61 AGC0S& 

62 AGCglS 

7 M±HF— :/77<f/< 

8 *±«K-?77-f/^ 

9 1 aeftSB 

92 ae*3s 

10 a p cms 

1 1 RTS*34S« (ATT) 

12 ALCMM*^7 

13 Tfr h^-f K 

1 4 ALC0S 
1 42 A LC[s]K 
1 5 

1 61 1 530/1 550WDM^]^7 
1 62 1 530/1 550WDMiJ^7 
1 71 *HT-f*— K (PD) 
1 72 * K4f-f 3j"— K (PD) 

1 82 *hy-f*— K (PD) 

2 01 * hy-f^-K (PD) 
2 02 *h*V3j— K (PD) 
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[BS] [B6] 

*&mo%&m (4) tTji+m *5m<r>nvm (4) ic^itauftsss^-rgi 
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[09] 

*&®<»mtizM (8) £^TE! 
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m 1 3] 
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02)*M# *T 51 

#^JI|»JI|l«m*JSE±/hBB*1015St6 
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